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Title 10—DEPARTMENT OF NATURAL RESOURCES
Division 20—Clean Water Commission
Chapter 8—Design Guides

10 CSR 20-8.12(Design of] Gravity Sewers

PURPOSE: The following criteria have been prepaaedh guide for the design gfavity

sewers. This rule is to be used with rules 10 C3R.210 through 10 CSR 20-8.2[#) for the
planning and design of the complete treatmentifgcirhis rule reflects the minimum
requirements of the Missouri Clean Water Commisgiaegard to adequacy of design,
submission of plans, approval of plans, and approfaompleted wastewater treatment
facilities and collection systems. It is not reaslole or practical to include all aspects of design
in these standards. The design engineer shouldrobfaropriate reference materials which
include but are not limited to: copies of all ASTiernationaland American Water Works
Association (AWWA) standards pertaining to sewers and appurtenandesign manuals such

as Water Environment Federation’s Manuals of Praetiand other sewer design manuals
containing principles of accepted engineering piaetDeviation from these minimum
requirements will be allowed where sufficient doeutation is presented to justify the deviation.
These criteria are taken largely from the [2004tiedi of the] Great Lakes-Upper Mississippi
River Board of State and Provincial Public HealttdaEnvironmental Managers’ Recommended
Standards for Wastewater Facilities and are basedhe best information presently available.
These criteria were originally filed as 10 CSR 203®. It is anticipated that they will be subject
to review and revision periodically as additionafoarmation and methods appear.

(1) Definitions. Definitions as set forth in thee@h Water Law and 10 CSR 20-2.010 shall apply
to those terms when used in this rule, unlessdhéeat clearly requires otherwise. Where the
terms “shall” and “must” are used, they are to meanmandatory requirement insofar as approval
by the Missouri Department of Natural Resourcepddenent) is concerned, unless justification
is presented for deviation from the requirementse®terms, such as “should,” “recommend,”
“preferred,” and the like, indicate the preferenféhe department for consideration by the
design engineer.

(A) Deviations. Deviations from these rules mayapproved by the department when

engineering justification satisfactory to the déypent is provided. Justification must

substantially demonstrate in writing and througltalations that a variation(s) from the

design rules will result in either at least equévdlor improved effectiveness. Deviations are

subject to case-by-case review with individual ecbjconsideration.

(B) Sewer. A pipe or conduit that conveys wastewat®r stormwater.

(C) Gravity Sewer. A pipeline or similar conduit cawveying wastewater or treated

effluent which flows exclusively under the influene of gravity.

(D) Sanitary Sewer System. A sanitary sewer systeisia network of pipes or similar

conduits, pumping stations and force mains, and abither structures, devices, and

appurtenances excluding service connections for ¢etting and conveying wastewater to
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treatment or other disposal facilities. Maintenanceand ownership of the sanitary sewer
system is the responsibility of one (1) of the canuing authorities listed in 10 CSR 20-
6.010(3)(B).

(E) Service Line. A service line is a pipe or conduthat conveys wastewater from only
one (1) platted lot to a point where it is joineda a sanitary sewer system which is
operated and maintained by one (1) of the continuimauthorities listed in 10 CSR 20-
6.010(3)(B). Maintenance and ownership of the sexe line is generally the
responsibility of the property owner.

(F) Sewer Lateral. A sewer lateral is a pipe or caiuit that collects wastewater from one
(1) or more service lines and conveys it to a sewerain. A sewer lateral is considered
part of a sanitary sewer system that is operated ahmaintained by one of the
continuing authorities listed in 10 CSR 20-6.010(8B).

(G) Sewer Main. Sewer mains are used to convey wastater from one (1) or more
sewer laterals to trunk sewers or interceptor sewex. A sewer main is considered part of
a sanitary sewer system that is operated and maintaed by one (1) of the continuing
authorities listed in 10 CSR 20-6.010(3)(B).

(H) Trunk Sewer. Trunk sewers are large sewers thaére used to convey wastewater
from sewer mains to interceptor sewers, treatmenpr other disposal facilities. A trunk
sewer is considered part of a sanitary sewer systettmat is operated and maintained by
one (1) of the continuing authorities listed in 1SR 20-6.010(3)(B).

(I) Interceptor Sewer. Interceptor sewers are largesewers that are used to intercept a
number of sewer mains or trunk sewers and convey ghwastewater to treatment or
other disposal facilities. These sewers shall nol@wv direct connection of service lines.
An interceptor sewer is considered part of a sanity sewer system that is operated and
maintained by one (1) of the continuing authoritiedisted in 10 CSR 20-6.010(3)(B).

(J) Casing Pipe. Pipe with continuous circumferenél joints, jacked into position during
the boring operation. A casing pipe is most commownlused in underground
construction to protect the carrier pipe from damace.

(K) Carrier Pipe. Sewer piping slipped inside themstalled casing pipe.

(L) Trench Cross Section. Trench cross section tersnare depicted in the following
Figure 1, included herein.
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Figure 1. Trench Cross Section Terminoloqgy.

[(2) Applicability. This rule shall apply to all &lities with a design flow of one hundred
thousand (100,000) gallons (378.8)mer day or greater. This rule shall also applyaib
facilities with a design flow of twenty-two thouddive hundred (22,500) gallons (85.3)mer
day or greater until such time as 10 CSR 20-8.82fhiended.]

(2) Applicability. This rule shall apply to all gravity sewers.

(3) Approval of Sewers. The department will apprplans for new systems, extensions to new
areas, or replacement sanitary sewers only whagradasupon the separate bagis which]

where rain water from roofs, streets, and other aredsgaoundwater from foundation drains are
excluded.

(4) Design Capacity and Design Flow.
(A) Sewer capacities shall be designed for theredéd ultimate tributary population, except
[in] when considering parts of the systgsgnthat can be readily increased in capacity.
Similarly, consideration must be given to the maximanticipated capacity of institutions,
industrial parks, etc. An economic analysis ofralives must be included in the
engineering report or facility plan where futuresewers are planned.
1. The following factors must Heonsidered]evaluatedin determining the required
capacities of sanitary sewers:
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A. Design peak hourly flow;
B. Additional maximum wastewater or waste flow framdustrial plants;
C. Inflow and infiltration (I/1);
D. Topography of area;
E. Location of wastewater treatment facilities;
F. Depth of excavation; and
G. Pumping requirements.
2. The basis of design for all sewer projects dtalincluded in the engineering report
[or] facility plan or summary of design More detailed computations may be required
by the department for critical projects.
(B) Sewer flows shall be based on the design peakyflow in accordance with 10 CSR
20-8.110(4)(C)4. and must be designed to preveealiminate sanitary sewer overflows
(SSO0s).

(5) Details of Design and Construction.

(A) Minimum Size. Gravity sewers conveying raw veasgater shall be no less than eight

inches (8")(20 cm)] in diameter, except in circumstances where smdiéaneter pipe can

be justified.
1. The minimum size of six-inch (6") diameter pipgor schools, resorts, subdivisions
located in rural areas, and similar establishmentsvill be considered based on
engineering justification and approved by the depament on a case-by-case basis.

(B) Depth. All sewers shall be sufficiently deepasoto receive wastewater from basements

and shall be covered with at least thirty-six ire(@6")[(91 cm)] of soil, other insulation, or _ - ‘{Commgnt [E;gu: < 22,500 gpd previously
””””””” required 30”.

)

be provided for sewers that cannot be placed at aegith sufficient to prevent freezing. - { Comment [ETC2]: New requirement. $$

)

(C) Buoyancy. Buoyancy of sewers shall[bensideredand] evaluated [f] Flotation of the
pipe shall be prevented with appropriate constoncivhere high groundwater conditions are
anticipated.
(D) Slope.
1. Recommended minimum slopedAll sewers shall be designed and constructed te giv
mean velocities, when flowing full, of not lessthavo feet (2") per secori(D.6 m/s)],
based on Manning'’s formula using an “n” value of 013 The followingin Table A
are therecommendedminimum slopegwhich] that should be provided for sewers
forty-two inches (42"J(107 cm)] or les§;] . [n] However, slopes greater than these may
be desirable for construction, to control seweeddsor to maintain self-cleansing
velocities at all rates of flow within the desigmits[:] .

Table A. Minimum Slopes

Minimum Slope in

Nominal Sewer Feet Per 100 Feet
Size [(m/100 m)]
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6 inch 0.60

8 inch[(20 cm)] 0.40

10 inch[(25 cm)] 0.28
12 inch[(30 cm)] 0.22
14 inch[(36 cm)] 0.17
15 inch[(38 cm)] 0.15
16 inch[(41 cm)] 0.14
18 inch[(46 cm)] 0.12
21 inch[(53 cm)] 0.10
24 inch[(61 cm)] 0.08
27 inch[(69 cm)] 0.067
30 inch[(76 cm)] 0.058
33 inch[(84 cm)] 0.052
36 inch[(91 cm)] 0.046
39 inch[(99 cm)] 0.041
42 inch[(107 cm)] 0.037

A. Sewer sizes not included in the abftyg ableA should be designed and
constructed to give mean velocities, when flowinly, of not less than three feet (3')
per secondi(0.9 m/s)], based on Manning's formula using an “n” valu@®®f13.
2. Minimum flow depths. Slopdshich] that are slightly less than the recommended
minimum slopes may be permitted. Such decreaspéslmay be considered where the
depth of flow will be one-third (1/3) of the diameetor greater for design average flow.
Whenever decreased slopes are selected, the dagjgreer must furnisfwith his/her
engineering report or facility planfomputations of the anticipated flow velocities of
average daily and peak hourly flow rateshe summary of design The[operating]
continuing authority of thesanitary sewer systerfwill] shall give written assurance to
the department that any additional sewer maintenasguired by reduced slopes will be
provided.
3. [Minimize] Minimization of solids deposition. The pipe diameter and slop# bka
selected to obtain the greatest practical velastieasto minimize settling problems.
Oversize sewers will not be approved to justifyngdilatter slopes. If the proposed slope
is less than the minimum slope of the smallest[pipkich] that can accommodate the
design peak hourly flow, the actual depths andoigés at minimum, average, and
design maximum day and peak hourly flow for eac$igiesection of the sewer shall be
calculated by the design engineer and be includtdthe [plans] summary of design
4. Slope between manholes. Sewers shall be laidumiform slope between manholes.
5. High velocity protection. Where velocities gmﬁhar{fifteen] ten feet[(15")] (10"
per secondi(4.6 m/s)] are attained, special provision shall be madev/tid scour and - | Comment [ETC3]: Reduction in velocity from 1

: : ararmardt icadiny armcimndandl Ar irmant T T T T fps to 10 fps. May increase the number of thrust
protect against displacemeargusedby erosiorfand] or impact. e o i o A S L T
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6. Steep slope protection. Sewers on twenty pe@&8b) slops or greater shall be
anchored securely with concrgfanchors] or equalanchorsspaced as follows Table
B:
[A. Not over thirty-six feet (36") (11 m) centergenter on grades twenty percent
(20%) and up to thirty-five percent (35%);
B. Not over twenty-four feet (24" (7.3 m) centecénter on grades thirty-five
percent (35%) and up to fifty percent (50%); and
C. Not over sixteen feet (16') (4.9 m) center-toteeon grades fifty percent (50%)
and over.]

Table B. Steep Slope Protection Spacing

Maximum Distance
0,
Slope (%) Center-to-Center (ft)

2035 36
3550 24
> 50 16

(E) Alignment.
1. Sewers twenty-four inches (24(%1 cm)] or less shall be laid with straight alignment
between manholes. Straight alignment shall be @bk either using a laser beam or
lamping.
2. Curvilinear alignment of sewers larger than tiyeour inches (24"](61 cm)] may be
considered on a case-by-case basis provided cosipmgeints are specified and ASTM
or specific pipe manufacturers’ maximum allowabiigegoint deflection limits are not
exceeded. Curvilinear sewers shall be limited nagpge curvegwhich] that start and end
at manholes. When curvilinear sewers are propdkedecommended minimum slopes
indicated in paragraph (5)(D)1. of this r@iieust] shall be increased accordingly to
provide a minimum velocity of two feet (2') per ead[(0.6 m/s)]when flowing full.

(F) Changes in Pipe Size.
1. When a smaller sewer joins a larger one, a mlantoequired according to
subparagraph (6)(A)1.B. of this rule. The invertlu# larger sewer should be lowered
sufficiently to maintain the same energy gradiémt.approximate method for securing
these results is to place the 0.8 depth point tif bewers at the same elevation.
2. Sewer extensions should be designed for prajdliers. When the diameter of the
receiving sewer is less than the diameter of tbpgsed extension at a manhole, the
manhole shall be constructed with special consieraf an appropriate flow channel to
minimize turbulence. The department may requireh@dule for construction of future
downstream sewer relief.

(G) Materials. Any generally accepted materialdewers will be given consideration, but

the material selected should be adapted to localitions, such as character of industrial
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wastes, possibility of septicity, soil charactecist exceptionally heavy external loadings,
abrasion, corrosiorjand] or similar problems.
1. All sewer pipe and joint materials shall confdorthe appropriate ASTM
specifications.
2. Suitable couplings complying with ASTM speciticas shall be used for joining
dissimilar materials. The leakage limitations oas joints shall be in accordance with
[paragraph (5)(1)4. or (5)(1)5.]subparagraph (5)(1)3.A. or (5)(1)3.B.of this rule.
3. All sewers shall be designed to prevent damemga $uperimposed live, dead, and
frost-induced loads. Proper allowance for loadshensewer shall be made because of
soil and potential groundwater conditions, as wslthe width and depth of the trench.
Where necessary, special bedding, haunching, libgiekfill, concrete cradle, or other
special construction shall be used to withstanitipated[potential] superimposed
loading or loss of trench wall stability. See ASTAM321 or ASTM C13when] as
appropriate.
4. For new pipe or joint materials for which ASTrasdards have not been established,
the design engineer shall provide complete mataridlinstallation specifications
developed on the basis of criteria adequately dectied and certified in writing by the
[pipe] manufacturer to be satisfactory for the specifi@itied plans for approval by the
department.
(H) Installation.
1. Standards. Installation specifications shaltawnappropriate requirements based on
the criteria, standards, and requirements estaulibly industry in its technical
publications. Requirements shall be set forth éngpecifications for the pipe and
methods of bedding and backfillifitnereof] so as not to damage the pipe or its joints,
impede cleaning operations, and future tapgimgr] create excessive side fill pressures
and ovalation of the pipe, nor seriously impaimfloapacity.
2. Trenching.
A. The width of the trench shall be ample to allihe pipe to be laid and jointed
properly and to allow the bedding and haunchingeg@laced and compacted to
adequately support the pipe. The trench sides Baddept as nearly vertical as
possible. When wider trenches are specified, apjaigpbedding class and pipe
strength shall be used.
B. In unsupported and unstable soil, the size #ffdess of the pipe, stiffness of the
embedmentand insitu soi[,] and depth of cover shall peonsidered]evaluatedin
determining the minimum trench width necessarydeqaiately support the pipe.
C. Ledge rock, boulders, and large stones shakim®ved to provide a minimum
clearance of four inches (4[(L0 cm)] below and on each side of all pipe(s).
D. Dewatering. All water entering the excavationgiher parts of the work shall be
removed until all the work has been completed. &tdtary sewer that ultimately
arrives at existing pumping stations or wastewteatment facilities shall be used
for the disposal of trench water.
3. Bedding, haunching, and initial backfill.
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A. Rigid pipe. Bedding Classes A, B, C, or crusktmhe, as described in ASTM
C12, shall be used and carefully compacted faiigl pipe provided the proper
strength pipe is used with the specified beddinguigport the anticipated logoased
on the type of soil encountered and potential gideater conditions.
B. Ductile iron pipe. Embedment materials for beddand initial backfill, as
described in ASTM A746 for Type 1 through Type %itg conditions, shall be used
for ductile iron pipe provided the proper strengipe is used with the specified
bedding to support the anticipated load based eyjte of soil encountered and
potential groundwater conditions.
C. Plastic pipe. Embedment materials for beddiagniching, and initial backfill,
Classes |, Il, or lll, as described in ASTM D232hall be usefand carefully
compacted for all flexible pipgjrovided the proper strength pipe is used with the
specified bedding to support the anticipated |daded on the type of soll
encountered and potential groundwater conditibhs.embedment materials shall
be carefully compacted for all flexible pipe.
D. Composite pipe. Except as described in ASTM MR@8e bedding, haunching,
and initial backfill requirements for composite @ighall be the same as for plastic
pipe.

4. Final backfill.
A. Final backfill shall be of a suitable materiahmoved from excavation except
where other material is specified. Debris, frozeatamal, large clods, stones, organic
matter, or other unstable materials shall not kel digr final backfill within two feet
(2")[(0.6 m)] of the top of the pipe.
B. Final backfill shall be placed in such a mans®as not to disturb the alignment of
the pipe.

5. Deflection test.
A. Deflection tests shall be performed on all flégipipe. The test shall be conducted
after the final backfill has been in place at lahsty (30) days to permit stabilization
of the soil-pipe system.
B. No pipe shallextend]exceeda deflection of five percent (5%f the inside
diameter. If [the] deflection exceeds five percent (5%), the pipdl flsaexcavated.
Replacement or correction shall be accomplishedtaordance with requirements in
the department-approved specifications.
C. The rigid ball or mandrel used for the deflectiest shall have a diameter not less
than ninety-five percent (95%) of the base insidengter or average inside diameter
of the pipe depending on which is specified inASIM specification, including the
appendix, to which the pipe is manufactured.
D. The tes$ shall be performed without mechanical pulling desg.
E. A mandrel must have nine (9) or more odd humbéiutés or points.

6. Video inspection. Video inspection of all nevdaehabilitated sewers after

installation is recommended.

(1) Joints and Infiltration.
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1. Joints. The installation of joints and the miaisrused shall be included in the
specifications. Sewer joints shall be designeditomize infiltration and to prevent the
entrance of roots throughout the life of the syst&uartland cement mortar joints are
not acceptable.
2. Service connections.
A. Service connections to the sewer main shall bentight andshall not protrude
into the sewer.
B. If a saddle-type connection is used, it shall bece designed to join with the
types of pipe which are to be connected.
C. All materials used to make service connectiondl bleacompatible with each other
and with the pipe materials to be joined and db&itorrosion proof.
3. Leakage tests. Leakage tests shall be speéified gravity sewers except polyvinyl
chloride (PVC) pipe with a diameter of twenty-severinches (27") or lessThis may
include appropriate water or low pressure air ngsti he testingselected should]
method(s) specifiedshall take into consideration the range in groundwaragions
during the teshg andthoseanticipated during the design life of the sewer.
[4.]A. Water (hydrostatic) test. The leakage exfiltrationnfiltration shall not
exceed one hundred (100) gallons per inch of pipmeter per mile per d4¢0.38

m/cm of pipe diameter/km/dayddr any section between manholes of the system. An

exfiltration or infiltration test shall be performievith a minimum positive head of
two feet (2[(0.6 m)]. The exfiltration or infiltration test shall, as a minimum,
conform to the test procedure described in ASTM C191 for clay pipe and
ASTM C969 for precast concrete pipe.
[5.]B. Air test. The air test shall, as a minimum, confdo the test procedure
described in ASTM C828 for clay pipgdSTM C924 for concrete pipe twenty-four -
inches (24") or less in diameteyJSTM C1103 for concrete pipe twenty-seven
inches (27") or greater in diameter, and ASTM F1#tplastic, composite, and
ductile iron pipe[All] For other materialdshall have]test procedureshall be
approved by the department.
[(J) Alternative Installation Methods (Trenchlesschinologies). Trenchless technologies
shall be evaluated by the department on a caseabg-basis.]
(J) Bore or Tunnel. The spacing of supports for caier pipe through casings must
maintain the grade, slope, and structural integrityof a pipe.[Where casing pipe is
utilized, the following shall be required:
1. Materials. Casing pipe shall be constructed oftesel with welded joints conforming
to AWWA C200 or ductile iron pipe with mechanical joints;
2. Spacers. Spacers shall provide a minimum of theequarter inches (0.75") of
clearance between the carrier pipe’s outside diamet and the casing pipe’s inside
diameter. Spacers shall be spaced a maximum of eidgeet (8") apart along the
length of the carrier pipe with one (1) casing spacg within two feet (2") of each side

of a pipe joint;

Comment [ETC4]: ASTM C924 was withdrawn
by ASTM International on December 2013.
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3. End Seals. Both ends shall be secured to the icasand carrier pipe. Seals shall be
watertight; and

4. Installation. The casing pipe shall be installetdy boring and simultaneously
jacking the pipe into place. There shall be no andar space between the outside of

the casing pipe and the undisturbed earth. | - {Comment[ETcsj: New requirement. $$

(6) Manholes.
(A) Location.
1. Manholes shall be installed—
A. At the end of each line;
B. At all changes in grade, size, or alignment;
C. At all sewer pipe intersections;
D. At distances not greater than four hundred #@®')[(120 m)] for sewerghat
are fifteen inches (15")(38 cm)] or less; and
E. At distances not greater than five hundred f@@®')[(150 m)] for sewerghat are
sixteen inches to thirty inches (16"-3((36 cm—76 cm)]
2. Spacing of manholes greater than five hundretd(00")[(150 m)] may be approved
by the department in cases whére continuing authority of the sanitary sewer
system gives written assurance to the department élh adequate cleaning equipment
[can] justif[y] ies such spacing.
3. Greater spacing may be permitted in larger sewer
4. Cleanouts may be used only for special conditeomd shall not be substituted for
manholes nor installed at the end of laterals greaan one hundred fifty feet (15036
m)] in length.A cleanout must be enclosed in a watertight valvedx with a locking
cap. Cleanouts shall be provided with proper suppdr such as crushed stone,
concrete pads, or a well compacted trench bottom.l8o see paragraph (6)(C)3. of
this rule.
(B) Drop Type.
1. A drop pipe shall be provided for a sewer enged manhole at an elevation of twenty-
four inches (24"]J(61 cm)] or more above the manhole invert. Where the diffee in
elevation between the incoming sewer and the marheert is less than twenty-four
inches (24™)(61 cm)], the invert shall be filleted to prevent solidpdsition.
2. Drop manholes should be constructed witloutside drop connection. Inside drop
connectiongcan be used{whennecessary)Jthe manhole diameter is sufficient tshall
be securd [the drop pipe]to the interior wall of the manhole asball provide
[adequate]access for cleaning.
3. When using precast manholes, drop connectiorss naii enter the manhole at a joint.
4. Due to the unequal earth pressures that wosldtrizom the backfilling operation in
the vicinity of the manhole, the entire outsideglconnection shall bjgncased in
concrete]properly supported to anchor the connection to thenanhole
(C) Diameter.

10
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1. Manhole.The minimum diameter of manholes shall be forty-taches (42"](107
cm)] on eight-inch (8"](20 cm)] diameter gravity sewer lines and forty-eight irche
(48")[(122 cm)] on all sewer lines larger than eight inches [@) cm)]in diameter.
Larger diametex[manholes]are[necessaryfequired for manholes withlarge diameter
sewersr multiple pipes connecting at the manholén order to maintain structural
integrity.

2. Manhole frame and coverA minimum access diameter of twenty-two inches }22"
[(56 cm)] shall be provided.

3. Cleanout.Cleanouts shall be a minimum of eight inches (8"yidiameter| - ,{

Comment [ETC6]: New requirement for greater
than 100,000 gpd. $$

(D) Flow Channel.
1. The flow channel straight through a manhole &hbe made to conform as closely as
possible in shape and slope to that of the conmgsgweris without]. The channel
walls should be formed or shaped to the full heighdf the crown of the outlet sewer
in such a manner as to nobbstrucfing] maintenance, inspection, or flow in the sewers.
2.Changes in direction of flow should generally notxxeed ninety degrees (90°).
3. Where a junction of two (2) or moresewersoccurs, a separate channel shall be
constructed for each incomingsewerwith the channels gradually merging together
ahead of the outlet using uniform curves.
4. The invert of any trunk or interceptor sewer should be slightlyjower than the
invert of the sewermain to avoid slack-water areas where solids may accurate.
[2.]5. When curved flow channels are specified in manhahetuding[branch] inlets,
the minimum slopes indicated in paragraph (5)(D)1hig tule should be increased to
maintain acceptable velocities.

(E) Bench.
1. A bench shall be provided on each side of any mi@gnthannel when the pipe
diameter(s) are less than the manhole diameter.
2. The bench should be sloped no less than a onérlealiper foot (0.5 in/ft)(12.7
mm/m)]
3. No sewer, service connection, or drop manholgipe shall discharge onto the surface
of the bench.

(F) Watertightness.
1. Manholes shall be watertight. Manholes shalbtine precast concrete or poured-in-
place concrete type. Precast manholes shall cortfothe design and test methods
specified in ASTM C478 and C497.
2. Manhole lift holes, grade adjustment rings, pstsection joints, and any additional
areas potentially subject to infiltration shalldealed watertighwith non-shrinking
mortar or other material approved by the department
3. Inlet and outlet pipes shall be joined to thenhwde with a gasketed flexible watertight
connection ofany] another watertight connection arrangement that allowsedéhtial
settlement of the pipe and manhole wall to takeepla
4. Watertight manhole covers are to be used whetbeemanhole tops may be flooded
by street runoff or high water. Bolt-down coverexsblies may be needed on manholes

11
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subject to displacement by sewer surcharging. Ldeckanhole covers may be desirable
in isolated easement locations or where vandalisy loe a problem.
(G) Inspection and Testing. The specificatifstgall] should include a requirement for
manhole inspection and testing for watertightness or dav@gr to placing into service.
1. Vacuum testing, if specified for concrete semanholes, shall conform to the test
procedures in ASTM C1244 or the manufacturer’s meoendation.
2. Exfiltration testing, if specified for concresewer manholes, shall conform to the test
procedures in ASTM C9609.
(H) Corrosion Protection for Manholels. Where csive conditions due to septicity or other
causes are anticipated, corrosion protection ointeeior of the manholes shall be provided. W Comment [ETC7]: New requirement fog

(2% ESI(?L%}S(CSI(.[CE)[;ctricaI equipment installed eedl in manholes shall conform to 10 CSR Er .

standard manhole -8’ in diameter

(J) Buoyancy. Buoyancy of manholes shall be evalwet. Flotation of the manhole shall ~~ =< comment [ETC8]: New requirement fog
be prevented with appropriate construction where hijh groundwater conditions are gg,soo gpd. Afthough, this is not common practice.
anticipated.

(7) Inverted Siphonsnverted siphons are used to convey wastewater byayity under

depressions.
(A) Design.Inverted siphons shall have not less than two §2)dbs, with a minimum pipe
size of six inches (6'(15 cm)]. Design shall provide sufficient head and appropriat
pipe sizes to secure velocities of at least threzet (3') per second for design average
flows. The inlet and outlet details shall be so aanged that the design average flow is
diverted to one (1) barrel and so that either barremay be removed from service for
cleaning.
(B) Cleaning and MaintenanceThey shall be provided with necessary appurtenafoces
maintenance, convenient flushing, and cleaningmqgent. The inlet and discharge
structures shall have adequate clearances foriotgaguipment, inspection, and flushing.
[Design shall provide sufficient head and appropeipipe sizes to secure velocities of at
least three feet (3') per second (0.9 m/s) forgteaverage flows. The inlet and outlet details
shall be arranged so that the design average flodiverted to one (1) barrel and so that
either barrel may be cut out-of-service for clean]nThe vertical alignment should permit
cleaning and maintenance.
(C) Leakage Testing. Inverted siphons must be testeaccording to the requirements of
paragraph (5)(1)3. of this rule.

(8) Sewers in Relation to Streams.
(A) Location of Sewers in Streams.
1. Cover depth. The top of all sewers enteringrossing streams shall be at a sufficient
depth below the natural bottom of the stream bgadtect the sewer linfin general,
t] The following cover requiremenfmust] shall be met:
A. One foot (1(0.3 m)] of cover is required where the sewer is locatatak;

12
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B. Three feet (3)(0.9 m)] of cover is required in other material. In majoeams,
more than three feet (3(0.9 m)] of cover may be required;
C. In paved stream channels, the top of the semeishould be placed below the
bottom of the channel pavement; and
D. Less covefwill] may be approved only if the proposed sewer crossitigei
interfere with future modifications to the streahanonel. Justification for requesting
less cover shall be provided to the department.
2. Horizontal location. Sewers along streams di@lbcatedsufficiently outside the
stream bed[lat least ten feet (10') horizontally from the ordirary high water mark of
the streamto provide for future possible stream widening anti
siltation during construction and to minimize pb$siexposure due to erosion.
3. Structures. The sewer outfalls, headwalls, mshgate boxes, or other structures
shall be located so they do not interfere withftke discharge of flood flows of the
stream.
4. Alignment. Sewers crossing streams should bigked to cross the stream as nearly
perpendicular to the stream flow as possible aatl bk free from change in grade.
5. Sewer systems shall be designed to minimizedingber of stream crossings.
(B) Construction.
1. Materials. Sewers entering or crossing stredrall Be constructed of ductjt iron
pipe with mechanical jointsotherwise, they shall be constructed so they mginain
watertight and free from changes in alignment axdg]. Material used to backfill the
trench shall be stone, coarse aggregate, washeel goa other materials which will not
readily erode, cause siltation, damége pipe during placement, or corrode the pipe.
2. Siltation and erosion. Construction methods wiktminimize siltation and erosion
shall be employed. The design engineer shall irclndhe project specifications the
method(s) to be employed in the construction ofesewn or near streams. Such methods
shall provide adequate control of siltation andsemo by limiting unnecessary
excavation, disturbing or uprooting trees and vatiyat, dumping of soil or debris, or
pumping silt-laden water into the stream. Spediiices shall require that clean-up,
grading, seeding, planting, or restoration of alkvareas shall begin immediately.
Exposed areas shall not remain unprotected for thare seven (7) days.
3. Alternative construction methods. When the aligment of a sewer crosses a
stream, considerationshould be given to trenchless construction technologies an
alternative to open trench constructionin accordance with section (12) of this rule.

(9) Aerial Crossings.
(A) Support. Support shall be provided for all joints in pipesized for aerial crossings.
The supports shall be designed to prevent frostehem/erturning, and settlement.
(B) Freezing.Precautions against freezing, such as insulatidrirecreased slope, shall be
provided. Expansion jointing shall be provided besw above-ground and below-ground
sewers. Where buried sewers change to aerial sesparsial construction techniques shall
be used to minimize frost heaving.

13
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(C) Flooding. For aerial stream crossings, the impact of floadens and debris shall be
considered. The bottom of the pipe should be placeldwer than the elevation of the fifty
(50)-year flood.

(D) Materials. Aerial crossings shall be constructed of duliléron pipe with mechanical
joints; otherwise, they shall be constructed sottiay will remain watertight and free from
changes in alignment or grade.

(10) Protection of Water Supplies.
(A) Cross Connections Prohibited. There shall bemgsical connections between a public
or private potable water supply system and a gwer appurtenancghereto] which would
permit the passage of any wastewater or pollutedniato the potable supply. No water
pipe shall pass through or come in contact with fzary of a sewer manhole.
(B) Relation to Water Works Structures.
[1. While no general statement can be made to calWeonditions, it is recognized that
sewers shall meet the requirements of 10 CSR 2B-3vith respect to minimum
distances from public water supply wells or othetev supply sources and structures.]
1. Sewers shall be laid at least fifty feet (50")dnizontally from any existing or
proposed public water supply well or other water spply sources or structures.
Refer to 10 CSR 23-3.010.
2. All existing water works units, such as baswalls, or other treatment units, within
two hundred feet (200[}60 m)] of the proposed sewer shall be shown on the eagige
plans.
(C) Relation to Water Mains.
1. Horizontal and vertical separation.
A. Sewes [mains] shall be laid at least ten feet (1[03.0 m)] horizontally from any
existing or proposed water main. The distgsicehall be measured edge-to-edge. In
cases where it is not practical to maintain a tmt-10")[(3.0 m)] separation, the
department may allow deviation on a case-by-casksbiésupported by data from
the design engineer. Such a deviation may allotailagion of thegravity sewer
closer to a water main, provided that the watemn®in a separate trench or on an
undisturbed earth shelf located on one (1) sidbedravity sewer and at an
elevation so the bottom of the water main is attlesghteen inches (1846 cm)]
above the top of the sewer.
B. If it is impossible to obtain proper horizongaid vertical separation as described
above for sewers, the sewer must be constructslipedn orductile iron mechanical
joint pipe or continuously encased and be preqsested]rated to at leastone
hundred fifty pounds per square inch (150 psi)34,kPa)and pressure testedo
[assure]ensurewatertightness.

C. Manholei{should] shall be located at least ten feet (103.0 m)] horizontally __ - { comment [ETC10]: New requirement. $$

from any existing or proposed water main.
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D. When it is impossible to obtain proper horizonthseparation as described
above for manholes, the manhole shall be located leiast ten feet (10") from a
water main joint or centered on a twenty foot (20")ength of water main pipe.
2. Crossings.
A. Sewers crossing water mains shall be laid teigema minimum vertical distance
of eighteen inches (18[}46 cm)] between the outside of the water main and the
outside of the sewer. This shall be the case witergvater main is either above or
below the sewer. The crossing shall be arrange¢dagdhe sewer joints will be
equidistant and as far as possible from the wagen jpints. Where a water main
crosses under a sewer, adequate structural sugh@iibe provided for the sewer to
maintain line and grade.
B. When it is impossible to obtain proper vertisaparation as stipulated above, one
(1) of the following methodpnust] shall be specified:
(I) The sewer shall be designed and constructedléquvater pipgand shall be
pressure tested to assure watertightness priomtkfilling] as described in
subparagraph (10)(C)1.B of this rule or
(1) Either the water main or sewer line may[bentinuously]encasedor
enclosed]in a watertight carrier pipe which extends tern {86")[(3.0 m)] on
both sides of the crossing, measured perpendituthe water main. The carrier
pipe shall be of materials approved by the departifwe use in water main
construction.

[(11) Locator Wire. Where locator wire is utilized, the following shall be required:
(A) Jacket. The jacket color shall be green to indiate “Sewer”. The jacket material
shall be suitable for direct bury such as high dernty polyethylene (HDPE) or high
molecular weight polyethylene (HMWPE);
(B) Connections. Connections shall protect from meture and corrosion. Non locking
friction fit, twist on, or taped connections are pohibited:;
(C) Grounding. Locator wire must be properly grounded at all terminations and stubs;
(D) Access. All locator wire termination points mus be accessible by use of an access
box located directly above the pipe. A minimum ofwo feet (2') of excess wire is
required,;
(E) Installation.
1. Locator wire systems must be installed as a silggcontinuous wire, except where
using an approved connection.
2. No looping or coiling of wire is permitted.
3. The locator wire should be placed in the same i@ntation to all installed pipe.
4. Using a spacer, the locator wire should be taped the pipe every eight to ten feet
(8' - 10) to prevent damage during backfill or whe digging around the pipe in the
future; and
(F) Testing. All locator wire shall be tested for ontinuity. Any damaged portions shall

be replaced. Repair by taping or spray-on waterprobng is not allowed[. __ - { comment [ETC11]: New requirement. $$
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(12) Trenchless Technologies. Trenchless technolegishall be evaluated by the department
on a case-by-case basis.

(A) New Pipe Installation. The following trenchlesgechnologies may be used for

installation of new wastewater collection system ping:
1. Impact molding is technique that launches a petssive soil displacement hammer
(mole) from an excavation to displace soil and forma bore. The new pipe is drawn
behind the mole or pulled into the bore using the &dmmer’s reverse action. A
pneumatically driven mole displaces the soil by thaction of a percussive piston;
2. Pipe ramming is a simple technigue using a pneuwatic hammer to drive steel
casings through the ground from one (1) pit to andter; or
3. Microtunneling is a remotely controlled mechanial tunneling system where the
soil is removed from the cutting head within the n& pipeline, which is advanced by
pipe jacking. The cutting head must have the appragate cutting tools and crushing
devices for the range of gravels, sands, silts, aethys that may be found at the
collection system site.

(B) Replacement Pipe Installation. The following tenchless technologies may be used

for replacement of wastewater collection system pg
1. Pipe bursting is a method of on-line replacemerdf fracturable pipe. An
expanding device, either pneumatic or hydraulic, isntroduced into the defective
pipeline, shattering the pipe and drawing in the n& pipe behind it. Insertion of
short lengths may be made from pits but this involes jointing of the pipeline within
the pit;
2. Pipe splitting is similar in technigue to pipe birsting but is used on non-
fragmental pipes such as steel, ductile iron or pgéthylene. The system uses
specialized splitting heads designed to cut througthe pipe wall and joints and
expand the existing pipe into the surround groundpr
3. Pipe eating is an on-line microtunneled replaceemt technique. The existing
defective pipeline is crushed (or eaten), by the tueling machine and removed
through the new pipeline. It is used predominantlyon concrete sewer installations.
This system allows for size replacement and upsizin

(C) Pipe Lining. The following trenchless technoloigs may be used for lining of existing

wastewater collection system pipe, which reducesetinside diameter of the pipe:
1. Cement mortar lining is the application of a cerant mortar (typically about four
millimeters (4 mm) thick) to the inside of a pipe ¢ protect against corrosion;
2. Epoxy spray lining is a method of lining pipes \th a thin lining of resin (typically
about one millimeter (1 mm) thick) that is sprayedonto the interior surface of a
cleaned collection system pipe to isolate the pifim the wastewater and possibly
reinforce the structural capabilities of the pipe;
3. Cured-in-place pipe(CIPP) is a method of lining existing pipe with a flexibé tube
impregnated with a resin that produces a pipe aftethe resin cures. The resin may
be set by the use of heat or ultraviolet light; or
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4. Sliplining is a method wherecontinuous or discreet pipes are inserted within
existing pipes.
(D) A wastewater collection system using a trenchds technology must be designed,
installed, and constructed in accordance with ASTMstandards with reference to
materials used and construction procedures.
(E) Pipe installed by a trenchless technology is Bject to the testing requirements in
paragraph (5)(1)3. of this rule.

AUTHORITY: section 644.026, RSMo 2000.* Origindériled Aug. 10, 1978, effective March 11, 1979.
Amended: Filed May 17, 1994, effective Dec. 30418®nended: Filed June 28, 2011, effective Feb. 29,
2012.

*QOriginal authority 1972, amended 1973, 1987, 199395.

17



